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缩写 英文全名 中文全名 
Vezf1 Vascular Endothelial Zinc Finger-1 血管内皮锌指转录因
子 
cVezf1 Chick Vascular Endothelial Zinc Finger-1 鸡血管内皮锌指转录
因子 
IL-3 Interleukin-3 白介素-3 
siRNA Small interfering RNA 小干扰 RNA 
RNAi RNA interfering RNA 干扰 
shRNA Small hairpin RNA 小发夹 RNA 
EPC endothelial precursor cells 内皮祖细胞 
EC endothelial cells 内皮细胞 
HC hematopoietic cells 血细胞 
CEFs chicken embryo fibroblasts 鸡成纤维细胞 
DIG digoxin 地高辛 
GFP greenfluoreseentprotei 绿色荧光蛋白 
Tris tris(hydroxymethyl)aminomethane 三羟甲基氨基甲烷 
EDTA Ethylene diamine tetraacetic acid 乙二胺四乙酸 
DMSO Dimethyl sulfoxide 二甲基亚矾 
PEG polyethylene glycol 聚乙二醇 
DEPC polyethylene glycol 二乙基焦磷酰胺 
IPTG Isopropyl β-D-1-thiogalactopyranoside 异丙基硫代半乳糖苷
PMSF phenylmethyl sulfonylfluoride 苯甲基磺酰氟化物 
AP ammonium peroxydisulfate 过硫酸铵 















OPD o-Phenylenediamine 邻苯二胺 
HRP horseradishperoxidas 辣根过氧化物酶 
BCIP 5-Bromo-4-chloro-3-indolyl phosphate 5-溴-4-氯-3-吲哚-磷
酸 
NBT nitroblue tetrazolium 四唑氮蓝 
VEGFR2 Vascular endothelial growth factor receptor 2 血管内皮生长因子受
体 2 
RT-PCR Reverse Transcription Polymerase Chain Reaetion 
逆转录一聚合酶链式
反应 
PBS PhosPhate buffered solution 磷酸盐缓冲溶液 
M-MLV Moloney murine leukemia virus 莫洛尼(氏)鼠白血病
病毒 
DNaseI deoxyribonuclease 脱氧核糖核酸酶 
RNase ribonuelease 核糖核酸酶 
OligodT oligodeoxythtridylieaeid 寡脱氧胸普酸 
dNTP Deoxyribonuereoside triphosphates 三磷酸脱氧核(糖核)
苷 
polybrene  凝聚胺 
RNAsin recombinant ribonuclease inhibitor RNA 酶抑制剂 
DAPI 4',6-diamidino-2-phenylindole 2hci 4',6 二脒基-2-苯吲
哚盐酸 
OD Optieal density 光密度 






























我们首次采用 RNAi 技术在鸡胚上对 Vezf1 的功能进行研究，并通过免疫
磁珠的方法分离鸡血管内皮祖细胞研究 Vezf1 对其分化的影响。我们针对 Vezf1 
mRNA 序列，构建 Vezf 1 的干扰载体 pPRIME-CMV-GFP-cVEZF1-microRNA ，
通过三质粒系统在 293T 细胞中包装成病毒颗粒，用病毒体外感染鸡血管内皮祖
细胞和感染早期活体鸡胚，取得如下结果： 
1、成功构建鸡 Vezf1 RNAi 系统 pPRIME-CMV-GFP-cVEZF1-microRNA 重
组质粒，在鸡胚细胞中检测其基因沉默效率达 75%左右。 
2、对不同时期的早期鸡胚做 Whole-mount 原位杂交，分析了 cVezf1 mRNA
的动态表达情况。 
3、制备了兔抗鸡 VEZF1 多克隆抗体，经 Elisa 检测抗体滴度达 10000 以上。 
4、用 Dynal 免疫磁珠法成功分离原代鸡内皮祖细胞，纯度达 90%以上。 
5、双色免疫组化证实了 VEZF1 在鸡内皮细胞中表达。  
6、鸡胚活体抑制Vezf1证明其在血管形成和心脏发育过程中发挥重要作用。 
















The vascular system starts with the endothelial precursor cells (hemangioblasts/ 
angioblasts) differentiation from the forming mesoderm. Subsequently, these 
precursor cells migrate to the destinated position, proliferate, differentiate, and 
coalesce to form a primitive vascular network. This process is termed vasculogenesis. 
The primitive vascular network is then remodeled into the hyrachical mature 
vasculature through a process termed angiogenesis. Moreover, during this time the 
vascular tree also becomes successively invested by the mesenchymal cells, which 
give rise to pericytes, SMCs (smooth muscle cell), and fibrocytes. The interactions 
between endothelial cells and their supporting cells as well as the surrounding matrix 
of different sources result in the functional vasculature seen in various organs and 
tissues. In these processes endothelial cells are key cells.  
In order to study the mechanism of vascular endothelial cell differentiation, we 
cloned some vascular endothelial (precursor) cells specific expression genes from 
the three-somites chick embryos. I chose mouse vezf1 (vascular endothelial zinc 
finger transcription factor-1) homolog as the aim of our research. This newly 
discovered gene has been reported to specific expression in the vascular endothelial 
cells and their precursors during early mouse development. We expect the study of 
Vezf1 function will offer some positive information for unveiling the cellular and 
molecular mechanism of endothelium differentiation and vessel formation.  
RNAi technology was first applied in functional analysis on chicken embryo, 
through isolation of chicken angioblats cells with immunomagnetic beads, we 
researched on the influence of vezf1 on these cells. Targeting to the Vezf1 mRNA 
sequence, an RNAi construct pPRIME-CMV-GFP-cVEZF1-microRNA was built 
and packed into virus with a three plasmids system in 293T. We infected chick 
endothelial cells in vitro and early chick embryos in vivo. The results are as follows: 
1. We successfully constructed RNAi lentivirus vector pPRIME-CMV-GFP-cVEZF1 
















2. By applying whole-mount in situ hibrydization, we have got the expression 
pattern of Vezf1 during early chick embryos development. 
3. The rabbit anti-chick VEZF1 polyclonal antibody serum was successfully 
produced. And the antibody titer was up to 10000 through Elisa test.  
4. We successfully isolated primary chicken angioblasts cells using Dynal immuno 
-magnetic beads. The purity could reach 90%.  
5. Double immunocytochemical staining shows that cVezf1 expresses in chicken 
angioblasts cells. 
6. Silencing Vezf1 on chick embryos in vivo suggests that Vezf1 plays an important 
role in development of blood vessel and heart. 







































































































































源 mRNA 高效特异性降解的现象。小干扰 RNA(siRNA)是 RNAi 作用中的效应
分子。RNAi 于 2001 和 2002 连续 2年被(Scence)评为当年十一大科学成就之一，







形式完成的; (3)决速性:dsRNA 进入细胞后 10min 就可产生 siRNA 分子， 
30min 内其靶 mRNA 的水平可下降 30 倍左右[19];(4)可传播性: RNA 干扰具有
细胞间的高穿透性，可跨越细胞界限，在果蝇细胞中可见在细胞群落之间传
播;Song 等[20]在实验鼠尾部血管注入旨在“沉默” Fas 基因的 siRNA，发现有
90%的肝细胞内存在这种 RNA 分子;(5)可遗传性:研究发现，dsRNA 注入线虫性
腺后，其子代也出现了同样的基因抑制现象，说明 RNAi 效应具有可遗传性
[21]




我们从 Vezf1 在鸡胚发育中的动态表达入手，同时创新地设计 RNAi 技术，
沉默 Vezf1 基因，在细胞和活体水平上研究其对血管内皮细胞和血管生成的影
响。我们构建了 Vezf 1 的表达载体 pPRIME-CMV-GFP-cVEZF1-microRNA ，通过
三质粒系统在 293T 细胞中包装成病毒颗粒，用病毒体外感染鸡血管内皮祖细胞
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